During the 2002 phocine distemper epidemic, 2,284 seals, primarily harbor seals (Phoca vitulina), were found stranded along the Dutch coast. Stranding pattern varied with age, sex, state of decomposition, wind, and location. Cumulative proportion of deaths (54%) was comparable to that in the first reported epidemic in 1988.
M
arine mammal morbilliviruses are among the most pathogenic infectious agents to emerge in wildlife. Phocine distemper virus (PDV) infection (1-3) was considered responsible for the deaths of ≈18,000 seals in Europe in the first recorded outbreak in 1988 (4) , and of ≈22,000 seals in the second outbreak in 2002 (5, 6) . We examined the effect of different variables on the dynamics of the 2002 PDV epidemic in the Netherlands. This epidemic started 6 weeks after the first cases were noted on Anholt Island, Denmark (5) . Subsequently, the disease spread east to Germany and Denmark, and west to Belgium, France, the United Kingdom, and Ireland (6) . We also compared the epidemiologic characteristics of the 1988 and 2002 PDV epidemics in the Netherlands.
Seal strandings were reported to a central telephone service. Live stranded seals were rehabilitated or euthanized. Dead stranded seals were collected for necropsy during which species, sex, standard body length, and state of decomposition were determined. Seals were divided into age categories, based on sex and standard body length (7): male juveniles (age <1 yr; length <95 cm), subadults (1 yr < age <4 yr; 95 cm < length <140 cm), or adults (age >4 yr; length >140 cm); female juveniles (age <1 yr; length <90 cm), subadults (1 yr < age <3 yr; 90 cm < length <130 cm), or adults (age >3 yr; length >130 cm) ( Table 1) . Of 1,315 seals that underwent necropsy, complete data were obtained for 1,096 harbor seals (Phoca vitulina) ( Table 1) . These seals originated from the entire Dutch coast, except from the islands Rottumeroog and Rottumerplaat, where they were buried; from the island of Texel, where they were collected for a different study; and from the mainland coasts of North Holland and South Holland, where only a few seals were submitted for necropsy (Table 1, Figure 1A ). Because seals on which a necropsy was performed represented 56%-73% of the stranded seals in the remaining locations (Table 1, Figure  1A ) and had a similar-shaped epidemic curve to that of stranded seals (online Appendix Figure 1 ; available at http://www.cdc.gov/ncidod/EID/vol11no12/05-0596_ app1.htm), they were considered representative of stranded seals. The daily wind factor was calculated by multiplying average daily wind force at Den Helder, North Holland (obtained from the Royal Netherlands Meteorological Institute [KNMI]), with its coefficient. Coefficients were positive for winds north of the line west-southwest-eastnortheast, negative for winds south of this line, and ranged from 0, when the wind direction was parallel to this line, to 4, when at right angles to it. To analyze the effect of spring tide, the number of strandings on the day of spring tide and the 2 subsequent days was compared to the number of strandings on other days. We used the χ 2 test for categorical comparisons and linear trends, and Mann-Whitney U and Kruskal-Wallis tests for temporal scales, with pairwise comparison for the variables that showed significant overall effect (SPSS for Windows, SPSS Inc., Chicago, IL, USA). For stranded seals with missing observations, age category, sex, and state of decomposition were imputed by using data on seals that underwent necropsy and had been stranded in the same location and on the same or closest weekly date.
Between June 16, 2002 , when the Dutch index case was found on Vlieland, and the end of November 2002, when the stranding rate returned to preepidemic levels, 2,284 seals (2,154 dead, 130 live) were stranded along the Dutch coast ( Figure 1B , Table 1 ). Almost all (2,279 of 2,284) were identified as harbor seals, and the remaining 5 as gray seals (Halichoerus grypus), despite recently increased gray seal numbers in the Netherlands and their likely exposure to PDV. This finding is consistent with experimental findings that PDV infection is more pathogenic for harbor seals than for gray seals (9) . At gross necropsy, ≈80% of harbor seals had pulmonary consolidation consistent with PDV infection, while about 50% had either immunoglobulin M to morbillivirus by serology, morbillivirus-specific nucleic acid by reverse-transcription polymerase chain reaction (PCR), or both (unpub. data). This PCR fragment corresponded to that of PDV by phylogenetic analysis (5) . Together these results confirm PDV infection as the primary cause of the epidemic. The rapid course of the epidemic, high cumulative proportion of deaths, and involvement of all age categories (Table 1) fit with a virgin soil epidemic and correspond with lack of preexisting specific immunity to PDV in most of the seals (5,6).
Age and sex affected temporal distribution of strandings. The median stranding date varied significantly among age categories (p<0.001). The date was significantly earlier for subadults than for juveniles and adults (p<0.05; Figure 1B ). Subadults display considerably more social play than seals in other age categories, especially in early summer (10) . In contrast, juveniles and their mothers are relatively more separated from other seals during the lactation period, are more sedentary, and have fewer new contacts (11, 12) . The median stranding date for males was significantly earlier than that for females in juveniles (p<0.001), subadults (p<0.001), and adults (p<0.001) (online Appendix Figure 2 ; available at http://www. cdc.gov/ncidod/EID/vol11no12/05-0596_app2.htm). The average change in the number of individually identified seals hauled out between consecutive days is significantly higher for males than for females (12) , and both subadult and adult males have the longest and most aggressive interactions with each other (13) . These behavioral differences suggest that contact rates and intensity of contact with other seals, including seals with PDV infection, were higher for subadults at the start of the epidemic than for juveniles and adults, and higher for males than females, thus increasing the risk and severity of infection. Alternatively, the above patterns may be linked to agerelated and sex-related differences in the effects of contaminants. The contaminant levels in the tissues of seals that died in the 1988 PDV epidemic were considered sufficiently high to cause immunosuppression and thus to increase the severity of the PDV outbreak (14) . Pollutant levels in tissues of seals that died during the 2002 PDV epidemic have yet to be reported. Age affected geographic distribution of strandings. The proportion of stranded seals of each age category varied significantly among Wadden Sea locations (p<0.001). The highest proportions of juveniles and adults stranded at mainland Groningen (Table 1) , which includes Eemsmond, a core breeding area. The highest proportion of subadults stranded on Vlieland (Table 1) in the western part of the Dutch Wadden Sea, an area assumed to have an influx of migrating young seals (15) . The number of seals stranded per kilometer of coastline varied significantly among locations for juveniles (p<0.001), subadults (p<0.001), and adults (p<0.001), with 2.2 to 3.1 more seals stranded per kilometer of coastline on Schiermonnikooog, an island in the eastern part of the Dutch Wadden Sea, than would be expected had the seals been evenly distributed per km coast (Table 1 ). This coincides with the summer distribution of harbor seals in the Dutch Wadden Sea, which is highly skewed toward the east (15, 16) . Within each age category, the proportion of males to females varied significantly among locations only for adults (p<0.001). Ameland had the highest proportion of adult males, and Vlieland the lowest (Table 1) .
Location affected the temporal distribution of strandings. The median stranding date varied significantly among locations (p<0.001); that for Zealand (week 39) was significantly later than that for all Wadden Sea locations (weeks 35-37) (online Appendix Figure 3 ; available at http://www.cdc.gov/ncidod/EID/vol11no12/05-0596_ app3.htm). This is likely because seals in Zealand are fewer and more widely dispersed than in the Wadden Sea, so the chance of the virus spreading is lower.
Wind appeared to have a confounding effect on stranding rate: periods of southerly wind corresponded with decreased overall stranding rates, e.g., in weeks 33 and 36, and the opposite for northerly winds (Figure 2A ). This is probably because dead seals floated in the top water layer, which shows parallel drift to surface winds. A similar effect of wind on strandings has been shown for seabirds (17) . Spring tide did not affect stranding rate (p>0.05).
State of decomposition (as a measure of length of time between death of a seal and its detection) also had a confounding effect on stranding rate. From July to October, the overall proportion of decomposed seals differed significantly among months (p<0.001) and increased significantly with time (p<0.001) ( Figure 2B ). This finding is probably because recovery of seal carcasses was not 100% so that, as the epidemic progressed, a higher proportion of stranded carcasses consisted of seals that had died before the previous shore survey. These findings show that over time stranding rate became a less accurate estimate of mortality rate, as observed in 1988 (18) . The proportion of decomposed carcasses varied significantly by location (p<0.001), with high proportions of decomposed carcasses on the mainland coasts of Friesland and Groningen and on Schiermonnikoog (online Appendix Figure 4 ; available at http://www.cdc.gov/ncidod/EID/vol11no12/05-0596_ app4.htm).
The timing of deaths and cumulative proportion of deaths of the 2002 PDV epidemic were similar to those characteristics in 1988 (Table 2) ity of PDV for the harbor seal population has not changed noticeably. However, more detailed examination of the genetic composition of both the virus and the harbor seal is needed to exclude changes in the host-pathogen relationship.
